Convergence of cAMP, TGF-beta and retinoic acid signaling pathways in cells of the embryonic palate.
We have previously described bi-directional cross-talk between the retinoic acid (RA) and transforming growth factor beta (TGF-beta) signal transduction pathways in primary cultures of murine embryonic palate mesenchymal (MEPM) cells. In this paper we identify interactions between the TGF-beta1, cyclic adenosine 3', 5'-monophosphate (cAMP) and RA signaling systems. TGF-beta1 and forskolin, an activator of the cAMP pathway, inhibited RA-induced expression of RAR-beta mRNA in MEPM cells, though only TGF-beta1 inhibited RA-induced RAR-beta protein expression. Forskolin, but not TGF-beta1, abrogated RA-induced expression of a reporter construct containing 900 base pair (bp) of the RAR-beta gene promoter, transfected into MEPM cells, suggesting that this portion of the promoter contains the forskolin-responsive, but not the TGF-beta-responsive, element. Thus, a putative TGF-beta Inhibitory Element (TIE) adjacent to the retinoic acid response element (RARE) in the RAR-beta promoter is either non-functional, or requires promoter/enhancer elements not present in the promoter construct used in these experiments. These studies further clarify the complex interactions among signal transduction pathways in the regulation of retinoic acid receptor gene expression.